Initiation of mouse retinal neurogenesis via Pax6 regulation of Math5  by Riesenberg, Amy N. et al.
Program/Abstract # 157
Initiation of mouse retinal neurogenesis via Pax6 regulation
of Math5
Amy N. Riesenberg 1, Tien T. Le 1, Michael L. Spencer 1,
David C. Blackburn 2, Nadean L. Brown 1
1 Division of Developmental Biology, Children’s Hospital
Research Foundation, Departments of Pediatrics and
Ophthalmology, University of Cincinnati School of Medicine,
Cincinnati, OH 45229
2 Museum of Comparative Zoology and Department of
Organismic and Evolutionary Biology, Harvard University,
Cambridge, MA 02138
The vertebrate retina is a system in which multipotent cells
give rise to seven basic cell types, six neuronal and one glial. For
all vertebrates, retinal neurogenesis progresses in a similar
manner, beginning with retinal ganglion cell (RGC) differentia-
tion and ending with Müller glia. Throughout this process the
mammalian basic–loop–helix (bHLH) transcription factor
Math5 is expressed by retinal progenitors as they become
postmitotic. Even though the Math5 lineage comprises all
retinal cell types, it has been found to be essential for RGC
formation. Since RGCs differentiate first, their loss has a large
effect on subsequent retinal organization and differentiation.
Thus Math5 activation is a key initiating event for mammalian
retinogenesis. However, the cis-regulatory elements and the
trans-acting factors that directly govern Math5 are largely
unknown. Here we present both in vivo and in vitro evidence for
Math5 dependence on Pax6, a transcription factor known to be
necessary for eye growth, morphogenesis, and differentiation.
We define multiple Pax6 binding sites that directly control the
timing of Math5 expression during the earliest stages of mouse
retinal neurogenesis, specifically during RGC development.
doi:10.1016/j.ydbio.2007.03.217
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The Dlx homeobox genes play an important role in the
differentiation and migration of neurons that will populate
various regions of the telencephalon. Four Dlx genes are
sequentially expressed in the developing forebrain of the
mouse: Dlx2, 1, 5 then 6. These genes are organized as two
bigene clusters: Dlx1/2 and Dlx5/6. The Dlx1/2 and the Dlx5/6
intergenic regions contain cis-acting regulatory elements (CRE)
responsible for the tissue- and stage-specific Dlx expression.
The 437 bp I12b enhancer sequence from the Dlx1/Dlx2 locus
is involved in the forebrain regulation of Dlx1/Dlx2. Using
DNaseI footpinting, we identified six regions on I12b
potentially bound by transcription factors. Of these, one is a
potential site for the MASH1 protein, a finding that was
supported by analyses of protein–DNA interactions through
electro-mobility shift and ChIP assays. This provides molecular
evidence for a direct regulation of Dlx1/Dlx2 by MASH1. Two
of the six binding sites are potential targets for the DLX proteins
themselves, suggesting that these play a crucial role in the
maintenance of their own expression, a finding that was
supported by transgenic and co-transfection experiments. We
mutagenized the six binding sites, individually or in combina-
tion. The loss of each individual binding site differentially
affected the overall activity of the enhancer when tested in
transgenic mice. This suggests the existence of distinct genetic
cascades involving Dlx1/2 in specific subsets of cells in the
telencephalon. Supported by CIHR MOP14460
doi:10.1016/j.ydbio.2007.03.218
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During nervous system development, neurons are born in a
precise temporal order. Thus the genes involved in the initiation
of neurogenesis must be expressed at the right time in order for
the nervous system to develop properly. Proper temporal ex-
pression of a gene involves the interaction of inhibitory signals
that prevent precocious expression with positive initiating
signals to ensure the timely onset of expression. In many
vertebrate species the basic helix–loop–helix (bHLH) transcrip-
tion factor Ath5 is tightly associated with both the initiation of
neurogenesis in the retina and the genesis of retinal ganglion
cells. In addition, proper temporal and spatial control of Ath5
expression is essential for normal retinal development. To better
understand how proneural gene expression is regulated, we are
studying the Xenopus Ath5 (Xath5) cis-regulatory region to
identify elements that are required for retinal-specific expres-
sion. Our studies suggest that temporal expression of Xath5 is
regulated by at least two separate enhancers—a bHLH-
independent distal enhancer that initiates expression and a
bHLH-dependent proximal enhancer that is likely involved in
autoregulatory upregulation/maintenance of expression. The
minimal distal enhancer contains a highly conserved Pax6 site
that is required for its expression. In addition, we have identified
a distal inhibitory region that suppresses precocious expression.
We are currently performing a detailed analysis of these
enhancer regions to identify the specific transcription factors
involved in regulating each phase of Xath5 expression. NIH
EY14954 and U of U Graduate Research Fellowship.
doi:10.1016/j.ydbio.2007.03.219
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